O steomyelitis of the cervical spine is a rare disease, representing only 3 to 6% of vertebral osteomyelitis. 1, 2 In contrast with other locations of spinal infections, osteomyelitis of the cervical spine can be a much more dramatic and rapidly deteriorating process, leading to early neurologic deficit. Conditions with marked spinal instability, intractable pain, epidural or paraspinal abscesses, and neurological deficits require surgical debridement, stabilization, and reconstruction of the anterior column either as a single or two-stage procedure. 1, 2 Titanium mesh cages with bone graft inside the cages are used for anterior reconstruction after vertebrectomy performed for spinal tumors or trauma. 3 The constructs are very rigid and designed to resist compression and some torque. Titanium mesh cages also have been proven to provide good radiological outcomes and a high resistance to microbial adherence in the treatment of pyogenic spondylodiscitis. [4] [5] [6] There have been few studies in the use of titanium mesh cages for anterior reconstruction in addition to anterior instrumentation in the treatment of osteomyelitis of the cervical spine. The aim of the present study was to evaluate the clinical and radiographic results of 24 patients with osteomyelitis of the cervical spine treated with this technique.
MATERIALS AND METHODS
Between 2008 and 2012, a total of 24 consecutive patients with osteomyelitis of the cervical spine were surgically treated at our institution. There were 11 male and 13 female with an average age of 53.3 years (42-63 yrs). The segment most frequently infected was C6 to C7 in nine cases, followed by C4 to C5 in seven cases. Medical comorbidities were present in 16 patients, including diabetic, malnourishment, hypertension, coronary heart disease, and renal insufficiency (Table 1) .
Preoperative diagnosis was based on clinical presentation, plain radiographs, computed tomography (CT) scans, magnetic resonance imaging, elevated white blood cell (WBC) counts, and C-reactive protein (CRP). A visual analog score (VAS) was used to assess the level of neck pain. The neurologic status was graded according to the ASIA classification.
Autologous cancellous bone obtained from iliac crest was procured through a separate incision before anterior debridement to prevent contamination. Then, a thorough resection of all infected and necrotic tissue via an anterior approach was performed. Tissue specimens were sent for microbiological and pathological analysis. Spinal decompression was achieved by complete clearance of the spinal canal of any infectious debris. After deformity correction, the height of the anterior interbody gap was measured and a titanium mesh cage filled with autograft was inserted into anterior gap. In all cases, applying anterior plates completed the procedure.
After surgery, intravenous antibiotic therapy were administered for at least 3 weeks (range 3-6 wks) according to the culture and sensitivity results and followed by oral antibiotics for at least 4 weeks (range 4-10 wks) until WBC and CRP returned to normal limits. Patients undergo rigid cervical collar therapy for 6 weeks postoperatively.
CT scans were taken to determine the fusion status 3, 6, and 9 months postoperatively. An independent radiologist determined whether there was evidence of fusion. Successful fusion was defined as presence of trabecular bone bridging between the cages and the vertebrae. Follow-up averaged 52 months (range 36-82 mnths).
RESULTS
Pathologic organisms from intraoperative specimen could be identified in 17 patients, including Staphylococcus aureus in 11 patients, Staphylococcus epidermidis in four, and Escherichia coli in two. Seven patients had negative cultures.
During the follow-up, none of the patients experienced a recurrence of the inflammation documented by a normalization of WBC and CRP. The preoperative VAS averaged 7.5. After operation, it decreased to an average of 2.8. Moreover, it again decreased to an average of 1.2 at latest follow-up. Preoperative neurologic impairment was present in 17 patients. Six patients were classified as ASIA C and 11 as ASIA D. Neurologic status improved in nine patients postoperatively. At latest follow-up, neurologic status improved in 14 patients (Table 2) .
There were no complications related to surgical intervention except mild to moderate donor site pain in seven patients at final follow-up, and no recurrence of infection was noted in any patient at the final follow-up. CT images showed that solid bone fusion was achieved in all patients with the fusion time between 3 and 9 months. There were no cases of instrumentation failures or cage dislocation, migration, or subsidence (Figures 1-3 A-C) ). Figure 1 . A 53-year-old woman with neck pain and neurologic deficit. Preoperative sagittal T2-weighted magnetic resonance imaging shows high signal intensity at the C6-C7 disc interspace and epidural abscess (A). Postoperative lateral plain radiograph shows the mesh cage and anterior instrumentation in situ (B). Coronal CT scan showed solid bone fusion (C).
patients with pyogenic or tuberculotic spondylitis were treated by two-stage surgery. The unique feature of this procedure was that posterior instrumentation in the first procedure did not touch the infected anterior sites. Significant clinical improvement was achieved, although posterior wound infection occurred in two patients who were in a poor general condition. Results suggested that two-stage operation with a convalescence period bridging the two surgeries have merits such as shorter operation time, less blood loss, and safer for the patients with poorer general health condition than one-stage operation. 7 However, Korovessis et al. 8 presented a series of 17 patients with cervical or lumbar pyogenic osteomyelitis treated with single-staged anterior debridement and posterior instrumentation. Although there was an approach-related abdominal hernia after wound infection, no manifestations of recurrent infection were noted and the overall results were excellent at final follow-up. 8 In addition, in a clinical report of 10 patients with vertebral osteomyelitis of the lumbar spine, Safran et al. 9 demonstrated that single-stage anterior debridement and posterior instrumentation is a safe and efficient way to control the infection and stabilize the affected segments, allowing for early mobilization of sick elderly patients. The results indicated that single-stage operation has many advantages such as lower complication rate, shorter hospital stay, and earlier mobilization compared with two-stage operation.
Extensive debridement of the anterior column of the spine often creates large defects and adversely affects spinal stability. The gold standard for reconstruction of anterior column stability is the use of structural bone autograft. 7, [9] [10] [11] [12] The harvest of large autografts, however, is limited and may Figure 2 . A 50-year-old man with neck pain and neurologic deficit. Preoperative lateral plain radiograph shows destructive change at C4-C5 disc interspace (A). Preoperative sagittal T2-weighted magnetic resonance imaging shows high signal intensity at the C4-C5 disc interspace (B). Postoperative lateral plain radiograph shows the mesh cage and anterior instrumentation in situ (C). be associated with considerable donor site morbidity. [13] [14] [15] An alternative to structural bone autograft for anterior support is the titanium mesh cage. 16 Recently, there have been several reports of patients with vertebral osteomyelitis treated with cages for anterior column reconstruction. Results showed that titanium mesh cages do not increase the rate of recurrence or persistence of infection. 6, [17] [18] [19] [20] [21] [22] Furthermore, a direct comparison between autologous iliac bone strut and cages did not show a difference in clinical and imaging outcomes. 23 Safe use of titanium cages has been demonstrated for the thoracolumbar region, but has not been reported yet in detail for the cervical spondylitic spine. [19] [20] [21] A combination of posterior stabilization and anterior debridement and fusion, without posterior instrumentation touching the infected anterior sites, was advocated in treatment of vertebral osteomyelitis. The advantages of this technique are better correction of the kyphotic deformity and its maintenance, and earlier patient mobilization, without recurrence of infection. 8, 18, 19 However, some researchers evaluated the efficacy and safety of anterior debridement, fusion, and anterior instrumentation for the treatment of thoracolumbar vertebral osteomyelitis. The results showed that healing of the infection and solid fusion was achieved in all the patients without any evidence of recurrent or residual infection. Other advantages of instrumenting anteriorly alone lie in the shorter operation time and lower blood loss. The authors conclude that even in the presence of florid vertebral osteomyelitis, anterior instrumentation is effective and eliminates the need for a posterior approach. 24, 25 Whether the use of instrumentation in the face of active infection is necessary remains a clinical controversy among many surgeons. The notion that certain authors argue implants as a foreign body may interfere with the successful eradication of infection is rational. Shad et al. 26 presented the possibility of delayed infection by identifying bacteria growth at the screw sites after removal of internal fixation within 1 year of surgery in four asymptomatic patients. The bacterium found was different from the causative organism obtained from the primary surgery, thus indicating a new secondary infection. They recommended removal of internal implants placed in the infected region. 26 However, we do not believe that their findings would inevitably lead to such conclusion. Whether the presence of the bacterium in the infected region is related to instrumentation or surgery without instrumentation needs to be further elucidated. While offering immediate stabilization, anterior instrumentation following thoroughly debridement and fusion did not lead to the persistence or recurrence of infection in our study. We believe that the primary spine stability provided by anterior instrumentation not only assist bony fusion but also promote control of infection.
CONCLUSION
Single-stage anterior debridement and fusion using titanium mesh cages along with anterior instrumentation is a safe and effective procedure in the treatment of osteomyelitis of the cervical spine. Radical debridement and restoration of spine stability are the prerequisites for the healing of the infection and for bony fusion.
Key Points
Osteomyelitis of the cervical spine is a rare disease with dramatic and rapidly deteriorating process, leading to early neurologic deficit. The presence of mesh cage anteriorly at the site of infection provides immediate stability of the spine by reconstruction of the anterior spine. Anterior instrumentation not only assists bony fusion but also promotes control of infection. Single-stage anterior reconstruction and instrumentation is effective and eliminates the need for a posterior approach.
